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.'TTAbstraot- 

■ BLEM TO BE SOLVED: To enable accurate alignment of magnetic 
pole ends to be performed, and make strictly controllable the width and 
thickness thereof, and to enable a higher recording density to be obtained 
by using nonmagnetic metallic films of Rh, Ru, Re, Mo, Ir, Pd having a 
hardness equal to or higher than the hardness of first and second 

pq j end layers or an alloy film mainly composed of these metals 
as a gap material. 

SOLUTION: After a plating ground substrate film is adhered on a first 
magnetic yoke layer 5, thin him Is successively plated with the first 
^ '< • . x pole end I a gap layer 3 and the second magnetic pole end 2. 
The nonmagnetic films of the Rh, Ru, Re, Mo, Ir, Pd having a hardness 
equal to or higher than the hardness of first and second magnetic pole 
ends 1 and 2 consisting of FeNi or the alloy mainly composed of these 
metals are used as the gap layer 3. A coil structure 1 1, layers 8 to 10 
consisting of an electrically insulating material and a second magnetic 
yoke layer 6 are formed on the front end part 4 of these magnetic pole 

s. bj, t sad is constituted. As a result, the first and 

second magnetic pole ends 1 end 2 are precisely aligned to each other and 
the magnetic pole ends which are precisely equal in the track width in the 
gap region are obtd. 
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* NOTICES * 



JPO and \U?ll are not responses for any 
damages caused by the uss of this translation. 

KThis document, has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
Sin the drawings, any words are not translated. 



CLAIMS 

[Claim 1 jln a thin film magnetic head which has an upper magnetic film, a lower magnetic film, a magnetic gap film, 
a conductor coil, and an insulator layer at least, A thin film magnetic head which uses an alloy film which makes a 
subject metal or this metal of Rh, Ru, Re, Mo. lr s and Pd as a gap materia! to a gap layer of Hazama of the first 
pole tip layer and the second pole tip layer. 
[Claim ;2]A magnetic disk drive comprising: 
A magnetic recording medium. 

An actuator which drives this to a recording direction, 

A magnetic head which consists of the Records Department and a regenerating section. 

In a magnetic disk drive which has a record reproduction signal processing means for obtaining a means to which 
relative motion of this magnetic head is carried out to this magnetic recording medium, a record signal Input to this 
magnetic head, and a regenerative-signal output from this magnetic head, it is the thin film magnetic head 
according to claim I as a magnetic head. 
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' . . ED DESCRIPTION 



[Detailed Description of the Invention] 
10001] 

[Field of the Invention] This Invention relates to the magnetic disk drive which used a tnm tslm magnetic head and 
this thin film magnetic head, and relates to the pole tip structure art improved for thin f % et 4 eads 
[0002] 

[Description of the Prior ArtjLarge-scale-izing of a magnetic disk dnve ana a m n atu i/> v x x , 

every year, and their development of high recording density-feed art is indispensab Corn d high 
recording- density-i zing, It is considered as the spin valve type MR element not only using the MR element 
[ playback head 1 using an anisotropic magneto resistance effect (AMR) but giant magneto-resistance (GMR5. and 
development of the record reproduction discrete type head which used the recording head as the inductive 
element is progressing. 

[0003jln connection with this, the width-of-recording-track narrowing of a top write-in pole and highly precise- 
featfqn are demanded about the recording head element. Although the second magnetic yoke layer is 
conventionally formed with electroplating, It is becoming impossible for the formation accuracy of the resist frame 
which forms a plating pattern to suit the wldth-of-recording-track accuracy demanded, in the case of the width of 
recording track of 2 micrometers or less, and 3-5 micrometers of pole thickness, the thickness of the resist frame 
in zero slow trebel, In order to secure the resist thickness on a coil and an insulator layer from the covering power 
of spreading resist more than plating thickness, 10-15 micrometers is required, and the aspect ratio of the resist 
frame in 0 slow trebel becomes five or more, and is approaching the limit of the conventional photolithography 
technique. The edge of a write-in pattern is curving to the upper pole side by fringing from a top write-in pole. 
This wrote in and expansion of the width of recording track and the fall of the reproducing output are caused. 
These things serve as fatal fault, in order to attain high recording density-ization. 

[OOCMjThe structure which forms the first pole tip, a gap film, and the second pole tip by electroplating using the 
resist frame same as a structure of a recording head element is shown in JP.6 -28526.A that these problems 
should be solved. However, when forming a gap layer by electroplating in the above-mentioned structure, using 
HIP, Au, Cu, etc. as a gap materia! is shown. In this case, processing sagging is started as it is soft like Au or Cu in 
an air bearing surface (A8S) work process and hardness is about 500 or less Hv. and there is a problem that pole 
tip shape of a surfacing side cannot change, or gap film thickness cannot control strictly. There is a problem that 
will crystallize a NiP film by heat treatment and it will be magnetized. 

[OGQojThe structure (trimming) of performing ion milling by using the second pole tip as a mask on the other hand, 
and demarcating the same width of recording track as the first poie tip is shown in dp. 7-2825 1 9,A. It aiuminum203 
grade of ti ni^ .v -x , rs used as a gap materia! when performing trimming, since the ion milling speed 
of the gap material of aluminum203 grade is slow, to magnetic films used for a write-in pole, such as nickel, Fe, and 
Co, A gap laver will be a mask and the first magnetic yoke layer will be etched into the undershirt side to the 
second magnetic yoke layer. Therefore, there is a problem that it is difficult to form precisely the size of the first 
pole tip width of recording track and shape. 
[00081 

[Probiem(s) to be Solved by the Inventionjft is in the purpose of this invention providing the thin film magnetic 
head which selected the materia! of the suitable gap film to control the width, thickness, and shape of the pole tip 
strictly, and manufacture them, 

moo / 1 1 he umpose of this invention has few medium noises, and is combining the art of positioning the thin film 
magnetic heao ana thm ♦ r magnetic heap py the thin film magnetic recording medium and this invention excellent 
i i \b re rsetric pes Fo mance of h trh coerc <• force which can record very high surface recording 
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density etc.. It is in realizing the highly efficient magnetic disk drive of high recording density .extreme!/. 

he PnoblemjA non-magnetic - rrtetal film of Rh, Ru, Re. Mo. tt, and Pd in which a thin film 
magnetic head of this invention has the first and second pole tip layers and the hardness more than equivalent ss 
a gap material. Or each permissible error holding a size of the pole tip and a size of the pole tip has an advantage 
which becomes very precise by using an alloy film which makes this metal a subject. Vickers hardness of a NiFe 
film is about 400 to 600 Hv, and For example, a non-magnetic metal film of Rh, Ru, Re, Mo, fr, and Pd. Or since it 
was a NiFe film and the hardness more than equivalent, in surfacing side wrapping for forming predetermined 
hroat height =t f -~ f o^5y of an alloy film which n t ta < - sh sagging 

can be prevented. It turned out that forming by the plating method is possible and these metal membranes are 
suitable to form a pole tip portion in a precise size and shape. 

[OOOOjAn actuator to which a magnetic disk drive of this invention drives a magnetic recording medium and this to 
a recording direction, A magnetic head which consists of the Records Department a«Jc eg section, ant 

a means to which relative motion of this magnetic head is carried out to this magnetic recerc ig mac um. In a 
magnetic disk drive which has a record reproduction signal processing means for obtaining a record signal input of 
this magnetic head, and a regenerative-signal output from this magnetic head, In a thin film magnetic head which 
has an upper magnetic film, a lower magnetic film, a magnetic gap film, a conductor coil, and an Insulator layer at 
least, a magnetic head to a gap layer of Hazama of the first pole tip layer and the second pole tip layer as a gap 
material It has a thin film magnetic head which uses metal of Rh Ru, Re, Mo, !r,and Pd, or an alloy film which 
makes this metal a subject 
[0010] 

[Embodiment of the InventionjHereafter an example is concretely described using a drawing, 
[001 1]An example with the preferred pole tip by this invention is shown n <U mo v, eg 

shows the perspective view of the pole tip before wrapping a head at predetermined throat he gh; and ds an »g i 
shows the detection edge of the pole tip of ABS after wrapping predetermined tonoo eight C shows th« 

thin film magnetic head completed by this example, and drawing 4 shows the sectional view of the tip part of a thin 
him magnetic head. **** ~~ the figure of these shows the structure of the recording head part. As shown in 
drawing 4. the thin film magnetic head 12 is provided with the first magnetic yoke layer 5 made to adhere on the 

^ i * „i „ . so layer 3 demarcates the conversion gap 30 which interacts so that it can 

change to magnetic media, and an air bearing may be formed as everyone knows preferably. For this reason, the 
nonmagnetic substrate 7 is formed as a slider which has a detection edge of the ABS 13 grade which approaches 
recording media, such as magnetic Dix whom the magnetic Dix device rotates working, and flies. Both the 'first 
magnetic yoke layer 5 and the second magnetic yoke layer 8 are prolonged in the rear gap area 15 from A8S13. By 
ABS 13, It is separated by the pole tip tip part 4, and the two magnetic yoke layers 5 and 8 contact mutually In the 
rear gap area 15, The two magnetic yoke layers 5 and 6 are located separately in the space of Hazama of ABS13 
and the rear gap area 15, and the space for coil structure 11 is formed. The coil structure 1 1 and the two 
magnetic yoke layers 5 and 8 are separated by the layers 8, 9, and 10 of the nonmagnetic electrical Insulation 
material. With reference to J awing I , the coil structure 11 has two or more spiral winding 1 1 which has the first 
electric contact 31 of a center section, and external electric contact 32. The points of contact 31 and 32 are 
connected to external wiring and a head circuit (not shown) in order to process a data signal. 
[001 2]Tbe pole tip tip part 4 is contacted and formed in the first magnetic yoke layer 5 Including the first pole tip 
layer 1, the gap layer 3, and the second pole tip layer 2. As a magnetic pole tip part, an example (the width of 
recording track of 1 micrometer, 1 micrometer in thickness of the first pole tip layer 1 , 0.4 micrometer in thickness 
of the gap layer 3, and 1 micrometer in thickness of the second pole tip layer 2) is shown below, for example. The 
formation method of this pole tip tip part 4 adheres the flow film for NiFe system plating in sputtering process etc. 
as a plating ground film on the first magnetic yoke layer 5. and patterns photoresist after a pole tip tip part-shaped 
fern on it A -ectanguiar parallelepiped 1 micrometer in width, and [ 10 micrometer/ in height / 3 
, th ss be ised for an opening form, for example. 
00 C A < t plating retreatment, first pole tip layer FeNil micrometer, gap layer Rh0.4mlcrometer, and 

second pole tip layer FeNil micrometer are continued and plated by electroplating next. As a gap material, the non- 
magnetic metal film of Ru, Re, Mo, Ir, and Pd or the alloy film which makes this metal a subject is preferred in 
ad-ition to » \m ; m to < * c ; p part 4 is completed by removing photoresist and remov'm , . - ^nr v noting 
films other than a pole tip tip part by dry etching or wet etching. The first pole tip layer and the second pole tip 
layer are mutually aligned precisely by this formation method, and the. precisely equal pole tip is obtained for the 
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width of recording track in a gap area. 

obtained pole tip tip part, a coil, an insulator layer, and the second magnetic yoke layer are 
formed, and a magnetic head is constituted. The substrate with which the thin film head element was formed is 
completed by furthermore forming a terminal and a protective film. Then, a thin film head slider is created. This 
substrate is used as a thin film head slider bar by the cutting back, surfacing side machining of the ASS surface is 
carried out by wrapping like the usual slider creation process, and it is processed into predetermined throat height. 
Since that hardness is SCO or more Hv of hardness equivalent to the magnetic material of a nickel. Fe, or Co 
system used for the magnetic pole when Rh is used as a gap film at this time, the defect in which polish sagging of 
the film at the time of wrapping will be produced can be prevented. Rh can be formed with electroplating using 
commercial plating liquid, and the hardness can obtain 900 - lOOOHv. As for about 1300 Hv(s) and Mo, as a gap 
him similarly formed with electroplating, about 300 Hv(s) and Re are the hardness of about 500 Hv(sX and, as for 
atojt 1400 Hv s' and 's about 1700 Hv(s and Po can prevent [ Ru j pos so saggmg at the tir a if su fa "g -ic«, 
wrapping. These metal membranes are metal membranes which were suitable for applying to a gap film also at the 
point which is not magnetized by heat treatment like NiP. The surfacing face shape of a thin film head is shown in 
drawing 5 and >:.> -<w.n , 3 ; "her examples of this invention. Drawing 5 forms metal membranes, such as Rh or Ru, 
Re, Mo, lr, and Pd. or the alloy film which makes this metal a subject as the gap layer 18 on the first magnetic yoke 
layer 1 8, and forms the second magnetic yoke layer 1 7 on it. Drawing' 6 forms the gap layer 1 8 and the second 
magnetic yoke layer 1 1 by the plating method by using the same frame resist as a mask on the first magnetic yoke 
layer 18. ft is clear by adopting a hard non-magnetic metal film as a gap film also about these examples that polish 
sagging can be prevented at the time of surfacing side wrapping processing for obtaining predetermined throat 
height. 

[QOISjOther examples of the thin film magnetic head by this invention are shown in drawing. ? and drawing 8. This 
applies this invention to the structure of the magnetic pole tip part of trimming structure. Drawing ? shows the 
perspective view of the pole tip when a head is wrapped at predetermined throat hei • t <>m , u ■> r, : s-mws the 
detection edge of the pole tip. The formation method of the pole tip by this example is shown below. The first 
magnetic yoke layer 22 is made to adhere on a nonmagnetic substrate, on it, the gap layer 24 is adhered and the 
second magnetic yoke layer 23 Is further formed by electroplating. Then, Ar ion milling is performed to the gap 
layer 23 and the first magnetic yoke layer 22 by using the second magnetic yoke layer 24 as a mask It aligns 

, mn\iaK rh - u<matior method and the precisely equal pofe tip is obtained' for the width of 
recording track in a gap area. Then, if Rh or Ru, Re, Mo, fir, Pd, etc, are used as a gap material, an equivalent milling 
rate is taken to the first magnetic yoke layer 22 and the second magnetic yoke layer 23, and the width of 
recording track can be precisely demarcated as shown in drawings. 

becomes possible to constitute the magnetic Dix device of high recording density by using a thin film 
. s tic head with the ret ording head part which demarcated the above width of :ecord ' ' . - : ■ emsely. 
[001 7]As a characteristic check and device of the thin film magnetic head of this Invention shown in the above- 
mentioned example, a characteristic check, The thin film magnetic recording medium 203 which the very high 
sur face recording density wmeh has few medium nois* j > . < t , > - < magnetic 

parametric performance of high coercive force can record, The spindle motor 202 which is an actuator which 
drives this to a recording direction, The thin film magnetic head 204 by this invention which consists of the 
Records Department and a regenerating section, and the guide arm 205 which is the means which relative motion 
is made for this thin film magnetic head 204 to this magnetic recording medium 2C3 " < w - * 

composition of having the record reproduction digital disposal circuit 201 for performing output signal reproduction 
from the signal input and this thin film magnetic head 204 to this thin film magnetic head 204 was produced and 
checked. It cannot be overemphasized that composition with this thin film magnetic head 204 by two or more this 
inventions may be sufficient as the means 205 which ths magnetic Dix device by this Invention has two or more 
magnetic re< srdii iedb 20 and this re a- ve motion is made here. This thin film magnetic head 204 that 
o - uteres the magnetic disk drive by this invention is applicable not only to the MR head which used the 
anisotropic magneto resistance effect (AMR) but the spin valve type MR head using giant magneto-resistance 
(GMR). 
[0018] 

[Effect of the Invention] According to this invention, alignment of the pole tip is carried out correctly and the thin 
film maguehc head by whici- the width and thickness of the pole tip were controlled strictly can be rn ovided. 
00l9]Th« o >-oose of this mention By combining the art of positioning a thin fism magnet e nea< wit! the 
recording <>ead which demarcated precisely the width of recording track by the thin film magnetic recording 
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medium and t > ledium noises and were exes h isi srametnc 

performance of High coercive force, and which can record very high surface recording density, and a thin film 
magnetic head etc It is in realizing the highly efficient magnetic disk drive of high recording density extremely, 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing J jit is a perspective view of the pole tip of a thin film magnetic head of the first example by this 
invention. 

> u / i<-! « > ->e n urface of a thin film magnetic head of the first example by 

this invention. 

[Draw s a toj view o the tl in film magnetic head by this invention. 

! - > a w\\ < * n alignment w&h line A~A' of drawing & 

w 5,1; s a i j'- . r 5 n the poe U air bearing surface of a thin film magnetic head of the second 
example by this invention. 

[Drawing S]!t is a figure showing the pole tip air bearing surface of a thin film magnetic head of the third example 
by this invention. 

[Drawing .7] it is a perspective view of the pole tip of a thin film magnetic head of the fourth example by this 
invention. 

[Drawing Slit is a figure showing the pole tip air bearing surface of a thin film magnetic head of the fourth example 
by this invention, 

[Drawing 9jl: is a perspective illustration of the magnetic disk drive of one example of this invention. 

T [ —Pole tip tip part, ] — The first pole tip and 2 — The second pole tip and 3 — A gap layer, 4 5 — the — The 
magnetic yoke layer of one, and 6 — the ™~ The magnetic yoke layer of two, and 7 -— a nonmagnetic substrate, 8 

— The layer of an electrical insulation material. 9 — The layer of an electrical insulation material, 10 — The layer 
of an electrical insulation material, 1 1 ~~ Coil structure, 12 — A thin film magnetic head and 13 — Air bearing 
surface, 14 — Zero slow trebei and 15 — A rear gap area, 16 — The magnetic yoke layer of the first, 17 ~* the — 
The magnetic yoke layer of two, and 18 -~ a gap layer and 19 — the — the magnetic yoke layer of one. 20 -- the 

— The magnetic yoke layer of two, and 21 — a gap layer and 22 — the — the magnetic yoke layer of one. 23 — 
the — The magnetic yoke layer of two, and 24 — a gap layer and 30 a conversion gap. 31 [ — ■ A spindle motor, 

CO? > A magnet c reco m «nd 204 / — A magnetic head, 205 / — Guide arm, j - Electric contact 

of a coil and external wiring, 32 — Electric contact of a coil and external wiring, 201 — A record reproduction 

,a - rcuit 2( 2 
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DRAWINGS 



[Drawing f] 




[Drawing 2] 
§32 
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[Drawing 4j 




[Drawing 6} 



[Drawing 8] 
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[Translation done.] 
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